We have used a transposon insertion sequencing (TIS) approach to establish the fitness landscape of 25 the African Salmonella enterica serovar Typhimurium ST313 strain D23580, to complement our 26 previous comparative genomic and functional transcriptomic studies. We used a genome-wide 27 transposon library with insertions every 10 nucleotides to identify genes required for survival and growth 28 in vitro and during infection of murine macrophages. The analysis revealed genomic regions important 106 the S. Typhimurium D23580 genome: 558 were located in the chromosome, two in the pSLT-BT 107 plasmid, and 36 in the pBT1 plasmid (Figures 2A and B ).
C a n a l s e t a l . P a g e | 7 Table S3 ). A total of 108 genes designated as required in D23580 also contained an H-NS binding site 170 in SL1344 (Table S3) , including 36 genes located in SPI regions and associated effectors. We conclude 171 that only a minority of S. Typhimurium D23580 genes are likely to be protected from transposition by 172 H-NS, as discussed below.
173
Transposon insertions were seen more rarely in SPI pathogenicity island-related S. Typhimurium 174 D23580 genes than other parts of the chromosome. Specifically, the hilC (SPI-1) and ssrA 175 genes were designated as required in our study. To investigate whether the deletion of these genes 176 had a fitness cost for D23580, we compared the growth of the individual D23580 deletion mutants with 177 the D23580 wild-type (WT) strain in LB ( Figure S2A , Tables S4 and S5). Similar mutants that retained 178 the kanamycin (Km) resistance cassette were also examined, in case the strong promoter of the aph 179 gene played a role. The deletion of ssrA included the removal of ssrB, the two genes encode the two-180 component regulatory system of SPI-2. Two mutants that lacked genes involved in the biosynthesis of 181 the lipopolysaccharide (LPS), in waaL (lack of O-antigen) and waaG (absence of O-antigen and part of 182 the LPS core), were also investigated as examples of genes containing H-NS-binding sites and allowing 183 a high proportion of transposon insertions.
184
No significant differences were observed in the growth rate of any of the SPI-2 and the SPI-1-185 defective mutants compared to the WT strain. We observed that the SPI-1 mutant grew to a slightly 186 greater culture density than the WT strain (OD600 for the WT was 4.55, and was 4.86 for D23580 187 ΔhilC::frt). This small fitness cost of expressing hilC and other SPI-1 genes has already been reported 188 in S. Typhimurium, explaining why SPI-1 mutants outcompete the WT strain [37, 38] . Both LPS mutants 189 grew slower in LB compared to WT, consistent with previous findings concerning the deletion of the S.
190
Typhimurium waaL gene [39] . These results suggest that the binding of the H-NS protein to the SPI-1 191 and SPI-2 regions could explain the low number of transposons in these regions, as no fitness cost for 192 growth in LB of the respective mutants was detected. The high number of transposon insertions found 193 in the LPS genes, which were reported to contain H-NS-binding sites in S. Typhimurium SL1344, and 194 the fact that mutations in these genes had an effect on fitness, indicated that a low number or absence 195 of transposon insertions do not always correlate with the presence of H-NS.
196
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Genetic requirements for S. Typhimurium D23580 growing in rich and SPI-2- 197 inducing media 198 To build on our previous identification of genes required for survival after a single passage in LB, we 199 studied in vitro fitness during growth in nutrient rich and minimal media by comparing the pools of 200 transposon mutants recovered after further passages of the D23580 transposon library in LB 201 (designated as "output"), and the acidic phosphate-limiting minimal medium (PCN, phosphate carbon 202 nitrogen) that induces SPI-2 expression (InSPI2) in S. enterica. These data were used to assign an 203 insertion index to each gene (Table S2 ).
204
After three passages in LB, 724 genes were required, which included essential genes and genes 205 that contributed to fitness for in vitro growth: 683 genes in the chromosome, 2 genes in the pSLT-BT 206 plasmid, and 39 genes in the pBT1 plasmid. A total of 851 genes were required for optimal growth after 207 three passages in InSPI2: 816 genes in the chromosome, 2 genes in the pSLT-BT plasmid, and 33 208 genes in the pBT1 plasmid. Genes that had previously been found to be indispensable for growth in the 209 input sample in this study were removed from the lists of required genes ( Figure 4A , Table S3 ).
210
There were 54 S. Typhimurium D23580 genes that were required for growth after three passages in 211 LB, but not in InSPI2, including the pBT1-encoded pBT1-0401 and pBT1-0781. The gene list included 212 two genes reported to be required by S. Typhimurium 14028 after three passages in LB [21], namely 213 sdhA, encoding a succinate dehydrogenase flavoprotein subunit; and sapG (trkA), encoding a 214 potassium transporter. The identification of these particular S. Typhimurium genes in multiple TIS 215 studies highlights the importance of sdhA and sapG for fitness in this environment. The genes sdhCD, 216 involved in the conversion of succinate to fumarate (with sdhAB), and fumA, involved in the conversion 217 of fumarate to malate (with fumBC), were also required after three passages in LB in our S. Typhimurium
218
D23580 study. Overall, most of the required genes were either involved in energy production and 219 conversion (17%), carbohydrate transport and metabolism (9%) or inorganic iron transport and 220 metabolism (9%).
221
A total of 191 genes were needed for optimal growth of S. Typhimurium D23580 after three passages 222 in the InSPI2 minimal medium. These genes included: dksA, that is required for growth on minimal 223 medium [40] ; hfq, encoding an RNA chaperone that facilitates base-pairing of ~100 small RNAs
224
(sRNAs) to the their target mRNAs [41, 42] ; and genes involved in thiamine, coenzyme A, biotin, and 225 C a n a l s e t a l . P a g e | 9 LPS biosynthesis. The majority of the genes were included in the following functional categories: amino 226 acid transport and metabolism (27%), cell envelope biogenesis and outer membrane (7%), inorganic 227 iron transport and metabolism (7%), and nucleotide metabolism (7%).
228
There were 91 genes designated required in both LB and InSPI2 ( Figure 4A , Table S3 ). Among 229 them, we found two D23580-specific genes: pBT1-0081, in the pBT1 plasmid; and cI BTP1 , encoding the 230 BTP1 prophage repressor [27] . Most of the genes encoded products involved in energy production and 231 conversion (22%), oxidative phosphorylation (12%), and translation, ribosomal structure and biogenesis 232 (10%). These genes reflect the biological needs of S. Typhimurium D23580 for growth in laboratory 233 conditions.
234
The intergenic regions and sRNAs that increase fitness of S. Typhimurium
235

D23580
236
The high level of saturation of the transposon library allowed the transposon insertion profiles of sRNAs 237 and intergenic regions of ≥100 bp in the chromosome, and the pSLT-BT and pBT1 plasmids, to be 238 investigated to identify the role of these regions in fitness [14, 15] . The pBT2 (~2.5 kb) and pBT3 (~2 kb) 239 plasmids were considered as intergenic regions due to the absence of annotation [15] . An insertion 240 index was calculated for each intergenic region and sRNA in the input and LB and InSPI2 output 241 samples as previously described (Table S6 ).
242
A total of 286 intergenic chromosomal regions, 13 intergenic plasmid regions (all in pBT1), and 40 243 sRNAs were required in the input sample, being essential or contributing to fitness. Thirty-two intergenic 244 regions were important for fitness after three passages in LB, while 48 were only required for growth 245 after three passages in InSPI2 ( Figure 4B , Table S3 ). Additionally, 34 intergenic regions increased 246 fitness in both LB and InSPI2. Most of the adjacent genes of the intergenic regions that were important 247 for fitness were involved in translation, ribosomal structure and biogenesis (11%), and energy 248 production and conversion (9%). The coding genes required for optimal growth after three passages in 249 LB and InSPI2 also belonged to these two functional categories (Table S2 ). The fitness defects of 250 mutants carrying transposon insertions in intergenic regions might be due to disruption of the promoter 251 region of one of the flanking genes, or could reflect mutation of unannotated coding regions.
252
Seven sRNAs were only required for growth after three passages in LB, but not in InSPI2 minimal 253 media ( Figure 4C , Table S3 ). In contrast, six sRNAs were identified as being important for fitness after 254 C a n a l s e t a l . P a g e | 10 three passages in InSPI2. In total, seven sRNAs that enhanced fitness in both LB and InSPI2 were 255 identified, namely tp2, STnc2010, RyjB, STnc2030, SdsR, STnc3080, and SraG. Among them, SdsR 256 is widely conserved in enterobacteria [43] , targeting important global regulators with biological 257 relevance in stationary phase and stress conditions [44] and shown to be required for fitness of S.
258
Typhimurium in stationary phase [45] . The fact that inactivation of SdsR has already been described to 259 have a fitness cost in stationary phase helps to validate our TIS approach. For the future, the regulatory 260 targets of the other six sRNAs that are required for growth in both nutrient and minimal media should 261 be determined.
262
Intra-macrophage infection with the transposon library reveals the absence of 263 novel virulence factors in S. Typhimurium D23580
264
To build upon our understanding of the S. Typhimurium D23580 genes that were required for fitness 265 during growth in nutrient or minimal media, we used the transposon library to investigate the process 266 of intracellular infection of murine RAW264.7 macrophages. To accurately identify genes required for 267 growth with a transposon library, it is important to sequence the input sample as well as the output 268 sample used for each experiment. As confirmed earlier, every time a transposon library is passaged in 269 LB medium, mutants that exhibit reduced fitness will be lost from the library. Therefore, we sequenced 270 two biological replicates of the library that had been grown in LB prior to infection of macrophages (Input 271 1 and Input 2 samples). Proliferation of the transposon library was assessed after a single passage 272 through murine macrophages, as additional passages caused the selection of LPS mutants (Text S1, 273 Figure S3 ). Accordingly, at 12 h post-infection (p.i.), intracellular bacteria from the two biological 274 replicates were recovered (Macrophage 1 and Macrophage 2 samples) ( Figure 1 , Text S1). Genomic
275
DNA from the two input and the two output samples was purified and Illumina sequenced. Table S1 276 contains the number of demultiplexed reads, the number of reads with a transposon tag, and the 277 number of uniquely mapped reads. The two input samples contained 660,000 and 928,000 unique 278 insertion sites. Combining these results with the analysis of the previous input dataset (797,000 unique 279 insertion sites), a total of 511,000 unique insertion sites were common to all three datasets, an average 280 of one transposon integration per ten nucleotides.
281
The majority of genes (87%) that were designated "required" in the two new inputs were consistent 282 with the analysis of the previous input sample ( Figure S4A , Table S4 ). Eleven of the genes considered 283 C a n a l s e t a l . P a g e | 11 ambiguous in the previous input sample were required in Input 1 and Input 2, including cI BTP1 , the 284 repressor of the D23580-specific prophage BTP1 [27] . Prophage repressors are commonly found to be 285 required genes for growth in TIS studies because inactivation leads to prophage de-repression and 286 phage-mediated cell lysis. Among the five complete prophage regions in D23580 (BTP1, Gifsy-2 D23580 , 287 ST64B D23580 , Gifsy-1 D23580 , and BTP5) [27] , only the repressors of the two D23580-specific prophages, 288 BTP1 and BTP5, were designated as required in our analyses.
289
The data were used to identify genes that contributed to fitness of S. Typhimurium D23580 during 290 macrophage infection. Specifically, genes important for intracellular growth and survival in murine 
307
Typhimurium without affecting intracellular replication [46] , it is clear that our TIS strategy in 308 macrophages not only identified mutants with increased fitness in terms of growth and survival inside 309 macrophages but also selected for mutants that are more invasive in the infection model (Text S1).
310
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Macrophage-specific S. Typhimurium D23580 genes 311 To identify genes important for fitness inside macrophages but not for growth in laboratory media, the 312 206 D23580 genes that showed attenuation in macrophages when disrupted by a transposon insertion 313 were cross-referenced with genes required for growth in the in vitro laboratory conditions tested in this 314 study, LB and InSPI2 ( Figure S4B , Table S4 ). We identified 182 "macrophage-associated genes" and, 315 within this group, 68 "macrophage-specific genes" that had reduced fitness during macrophage infection 316 and did not impact upon growth in vitro. The macrophage-specific genes included known Salmonella 317 virulence genes: phoPQ, SPI-2 genes, dam, hfq, and ompR. Most of the 68 genes were involved in 318 functions related to transcription (10%), amino acid transport and metabolism (9%), and translation, 319 ribosomal structure and biogenesis (7%).
320
Analysis of our intra-macrophage transcriptome of S. Typhimurium ST19 showed that genes that 
325
We previously showed that many S. Typhimurium virulence genes were both up-regulated within 326 macrophages and required for animal infection [48] . We built on this concept by finding the 327 "macrophage-specific" genes identified by transposon mutagenesis that were also up-regulated within 328 macrophages, using transcriptomic data from Canals and colleagues [15] ( Figure 5A ). The results 329 showed that the 23 genes that were required for intra-macrophage proliferation and were significantly 330 "macrophage-up-regulated" (fold change >2, FDR <0.001) encoded: 14 SPI-2 proteins; 2 phosphate 331 transport proteins (PtsB and PtsC); two enzymes involved in the arginine biosynthesis pathway (ArgB 332 and ArgC); and the proteins Fis (DNA-binding protein), IolR (repressor of myo-inositol utilization), RluD 333 (pseudouridine synthase), WzxE (translocation of the enterobacterial common antigen to the outer 334 membrane), and OmpR. We searched for genes that had not been previously been reported to play a 335 role in virulence in S. Typhimurium ST19 [49, 50] and found only three: a SPI-2 gene (sscB) and argBC.
336
To determine if the requirement for the arginine biosynthetic pathway during intra-macrophage 337 replication was a specific feature of the D23580 strain, mutants in the argA gene were constructed in 338 D23580 and the ST19 strain 4/74. ArgA is the first enzyme for the biosynthesis of L-arginine from L-339 C a n a l s e t a l . P a g e | 13
glutamate, a pathway that also includes the biosynthesis of L-ornithine [51] . Of the nine genes encoding 340 products involved for the L-arginine biosynthesis, four were in the 68 macrophage-specific gene list: 341 argA, argCB, argE. Furthermore, the encoded products are also involved in the L-ornithine biosynthetic 342 sub-pathway. The individual ΔargA::frt mutants of both strains, D23580 and 4/74, showed reduced intra-343 macrophage replication ( Figure 5B ). The importance of ArgA for growth inside J774 macrophages has 344 already reported for the S. Typhimurium ST19 isolate 14028 [52] . Our results indicate that the 345 requirement for arginine genes inside murine macrophages is not a distinguishing feature of D23580 346 because the same genes were also required by the ST19 isolate 4/74. The decreased ability of the 347 ΔargA::frt mutants to proliferate is consistent with previous studies, and suggests that arginine is a 348 limiting factor for S. Typhimurium growth inside murine macrophages. The requirement for ArgA for 349 optimal intra-macrophage replication of D23580 validates our TIS-based approach in this infection 350 model.
351
Taken together, the 68 macrophage-specific gene list included many genes that encode S.
352
Typhimurium ST19 virulence factors, and did not include any D23580-specific genes. We conclude that C a n a l s e t a l . P a g e | 14
(biosynthesis of O-antigen), where the effects on fitness were likely due to the polarity effects of the 370 insertion of a strong promoter upstream of this gene. Overall, the phenotype of most of these intergenic 371 transposon insertions was supported by previous studies that showed that the particular downstream 372 genes were important for growth and intracellular survival inside macrophages.
373
Only transposon insertions in one sRNA caused attenuation in the intra-macrophage environment 374 but not in the LB and InSPI2 in vitro growth conditions, namely AmgR ( Figure S4D ). This sRNA is an 
381
Limitations of this study 382
As for all global mutagenesis approaches, it is important to consider the limitations of our strategy.
383
First, the relatively large size of the mutant pools generated a highly competitive environment, in which within the same intra-macrophage vacuole. The genes that contribute to intra-macrophage fitness that 392 were identified here reflected selection for mutants with defects in the ability to replicate and survive 393 inside macrophages, and also selection for mutants lacking certain SPI-1-associated factors such as 394 InvH [59] . The genes required for optimal intra-macrophage fitness of S. Typhimurium sequence type 395 ST313 showed substantial overlap with S. Typhimurium ST19 genes previously associated to virulence.
396
C a n a l s e t a l . P a g e | 15 S. Typhimurium D23580 has many plasmid-encoded required genes 397 S. Typhimurium D23580 contains four plasmids: pSLT-BT (~117 kb), pBT1 (~84.5 kb), pBT2 (~2.5 kb), 398 and pBT3 (~2 kb) [14, 15] . The pSLT-BT and pBT1 plasmids have published annotations that were used 399 to study gene requirements for growth and survival in this study. Two pSLT-BT plasmid genes were 400 designated as required, parA and parB ( Figure 6A, Table S2 ), and the same genes were also found to 401 be required for pBT1 plasmid maintenance ( Figure 6B , Table S2 ). The requirement of ParA and ParB 402 for effective plasmid partitioning means that transposon insertions in both parA and parB caused 403 plasmid loss in previous TraDIS studies [60] . The unexpected discovery of 34 more pBT1-encoded 404 genes that were required, for stable maintenance of the plasmid or optimal fitness of S. Typhimurium 405 D23580, included the cysS pBT1 gene that has been reported previously [15] .
406
The pBT1 plasmid is dispensable for in vitro growth of S. Typhimurium D23580 in LB ( Figure 7A, 
407
Tables S3 and S5) and required for optimal intra-macrophage replication (Text S1, Figure S6 ) [15] . The 408 fact that our TIS analysis identified so many pBT1-encoded genes that were required suggests the 
414
Typhimurium D23580 chromosome and the pSLT-BT plasmid, which are 47.8% AT and 46.5% AT, 415 respectively. The fact that pBT1 is so AT-rich parallels the AT content of the pSf-R27 plasmid of Shigella 416 flexneri 2a strain 2457T which was 55%. An H-NS paralogue, Sfh, is encoded by pSf-R27 and is 417 responsible for a stealth function that allows the plasmid to be transmitted to new bacterial hosts with 418 minimal effects on fitness [63, 64] . Consequently, the introduction of a modified version of the plasmid 419 that lacked sfh (pSf-R27Δsfh) into S. Typhimurium ST19 SL1344 significantly decreased fitness due to 420 interference with the H-NS regulatory network, whereas the wild-type pSf-R27 plasmid itself did not 421 impact upon fitness when introduced into the same strain [65] . This parallel between the pBT1 and pSf-422 R27 plasmids raises the possibility that pBT1 encodes an H-NS-like protein that has a global impact 423 upon fitness of D23580, but could not be found by sequence identity alone.
424
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To investigate pBT1-specific features that could explain the high number of genes with lower amount 425 of transposon insertions than the average amount in the chromosomal and the pSLT-BT plasmid, genes 426 with annotated known functions were studied. The pBT1 plasmid carries a set of conjugative genes and 427 was successfully introduced into 4/74 by conjugation demonstrating the functionality of those genes. At 428 least 11, out of the 36 required genes in pBT1, encoded putative conjugal proteins that are critical for 429 plasmid transfer (trbAB, traK, traT, traQ, traM, pilT, traL, pilO, pilR, pilM, pilT) [66]. The transposon-430 induced overexpression of the traAB genes in IncI plasmids has been reported to cause a growth defect 431 [67] . Additionally, the plasmid contains at least one annotated toxin/antitoxin system: stbD (pBT1-0201)/ 432 stbE (pBT1-0211). The gene encoding the antitoxin StbD was required, while the gene encoding the 433 toxin StbE was dispensable (Table S2) . Two other genes, relE (pBT1-0481) and relB (pBT1-0521), are 434 annotated as a toxin and an antitoxin, respectively, and are separated by three genes. Our data showed 435 that the gene encoding the toxin RelE was required, while the gene encoding the antitoxin RelB gave 436 an ambiguous result. The precise role of pBT1-encoded toxin/antitoxin systems upon plasmid biology 437 and the fitness of D23580 merits further investigation.
438
One of the limitations of TIS approaches is that polarity effects can be caused by the introduction of 
444
The finding that curing of pBT1 does not impact upon fitness shows that the plasmid is not in itself 445 essential. Previously, the observation of fitness defects associated with mutations in specific plasmid-446 encoded genes reflected the essentiality of the entire plasmid [68, 69] , which is extremely uncommon 447 [70] . Because the fitness defect of the D23580 ΔcysS pBT1 mutant could reflect an uncharacterized 448 aspect of pBT1 biology, it was investigated in more detail.
449
The pBT1-encoded CysRS pBT1 is less efficient and stable than the chromosomal- 
452
Recently, we showed that S. Typhimurium D23580 expresses high levels of cysS pBT1 and that cysS chr 453 C a n a l s e t a l .
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is expressed at very low levels [15] . To investigate why an organism would express a plasmid-based 454 gene instead of a chromosomal copy, recombinant CysRS chr and CysRS pBT1 were purified by 455 overexpressing the relevant D23580 genes in Escherichia coli (E. coli) and used for enzymatic analysis.
456
The steady-state kinetic parameters for activation of cysteine by both CysRS chr and CysRS pBT1 were 457 determined using ATP-PPi exchange. CysRS pBT1 had a 3-fold lower catalytic efficiency (kcat/KM) than 458 CysRS chr ( Figure 7B) . Additionally, the stability of the enzymes was determined. CysRS pBT1 was 10 459 times less stable than CysRS chr after incubation at 37ºC for 60 min ( Figure 7C ). The fact that CysRS pBT1 460 was both less efficient at cysteine activation and more unstable over time raises the possibility that S.
461
Typhimurium D23580 could be using CysRS pBT1 as a trigger to shut down translation during stressful 462 conditions. A less efficient CysRS within the bacterial cell would lead to the accumulation of uncharged 463 tRNAs which could induce the stringent response to help the cell cope with stress [71, 72] . We speculate 464 that the preference for expressing the plasmid-encoded cysS pBT1 could give S. Typhimurium D23580 465 the ability to respond to stress conditions at the level of translation.
466
To investigate how widespread plasmid-encoded aminoacyl-tRNA synthetases are in biology, a 467 database containing 13,661 bacterial plasmids was generated (Materials and Methods). A total of 79 468 plasmid gene products were found to contain tRNA synthetase-related functional annotations. Closer 469 inspection of those CDS (coding sequences) revealed two classes: complete aminoacyl-tRNA 470 synthetase CDS (30); and CDS encoding aminoacyl-tRNA synthetase fragments and/or related 471 functions (49) ( Table S8 ). The presence of aminoacyl-tRNA synthetase paralogues and paralogous 472 fragments have been previously reported in eukaryotic and prokaryotic genomes [73] . Our analysis 473 suggests that alternate plasmid-encoded aminoacyl-tRNA synthetases exist, and the molecular function 474 of plasmid-encoded translation-related genes warrants further study.
475
Perspective 476
The significant impact of iNTS disease as a major public health problem in sub-Saharan Africa has led 477 to S. Typhimurium ST313 becoming an active focus of research. To understand how African S.
478
Typhimurium ST313 causes disease, it was important to determine whether this pathovariant carries 479 novel virulence genes that had not previously been found in S. Typhimurium ST19. Our transposon 480 insertion sequencing approach during infection of the murine RAW264.7 macrophage infection model 481 suggests that novel virulence factors are not encoded by S. Typhimurium ST313 D23580.
482
P a g e | 18
Here, we present an online resource that allows the candidate genes that impact upon fitness of S.
483
Typhimurium ST313 strain D23580 to be visualized, both in particular in vitro growth conditions and 484 during intra-macrophage replication: https://hactar.shef.ac.uk/D23580.
485
In terms of plasmid biology, we conclude that, although pBT1 is not essential, this plasmid contains 486 a high proportion of genes that impact upon bacterial fitness: our data hint at a new role for plasmid-487 encoded aminoacyl-tRNA synthetases.
488
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Figure legends
Materials and Methods
546
Bacterial strains and growth conditions 547 LB was obtained by mixing 10 g/L tryptone (Difco), 5 g/L yeast extract (Difco), and 5 g/L NaCl (Sigma).
548
The InSPI2 medium was based on PCN (pH 5.8, 0.4 mM Pi), which was prepared as previously 549 described [75] . When required, the antibiotic Km was added to a final concentration of 50 μg/mL, and 550 tetracycline (Tc) to 20 μg/mL.
551
Bacterial strains used for this study are shown in Table S9 . Permission to work with S. Typhimurium 552 strain D23580 from Malawi [14] was approved by the Malawian College of Medicine (COMREC ethics 553 no. P.08/4/1614).
554
Construction of a transposon library in S. Typhimurium D23580
555
A library of transposon insertion mutants was constructed in S. Typhimurium D23580 as previously 
565
Passages of the S. Typhimurium D23580 transposon library in LB and InSPI2
566
The D23580 transposon library was grown in LB Km 50 μg/mL at 37ºC 220 rpm for 16 h, and genomic 567 DNA was purified from a fraction of the bacterial culture (input). Another fraction of the bacterial culture 568 was washed twice with PBS and resuspended in LB or InSPI2 media. A dilution 1:100 (~2.5 x 10 8 cells) 569 was inoculated into 25 mL of LB or InSPI2 media (without antibiotic), respectively, and cultures were 570 incubated at 37ºC, 220 rpm for 24 h (passage 1). Two more passages were performed in an InSPI2 571 media. For LB passages, 250 μL were transferred in each individual passage, after two washes with 572 PBS (~1.4 x 10 9 cells). For InSPI2 passages, 640 μL were transferred into the next passage (~1.7 x 10 8 573 C a n a l s e t a l . P a g e | 22 cells). Genomic DNA was purified from the third passage in LB (output LB) and InSPI2 (output InSPI2).
574
Genomic DNA purifications were performed using the DNeasy Blood & Tissue Kit (Qiagen) following 575 manufacturer's indications for extractions from gram-negative bacteria.
576
Library preparation and Illumina sequencing for the input and the LB and InSPI2 577 output samples 578 Genomic DNAs were fragmented to 300 bp with a S220/E220 focused-ultrasonicator (Covaris).
579
Samples were prepared using the NEBNext DNA Library Prep Master Mix Set for Illumina for use with 580 End User Supplied Primers and Adapters (New England Biolabs) following manufacturer's instructions.
581
The DNA fragments were end-repaired and an "A" base was added to the 3'ends prior to ligation of the 582 Illumina adapters (PE Adapters from Illumina). In order to amplify the transposon-flanking regions, 583 transposon-specific forward oligonucleotides were designed such that the first 10 bases of each read 584 would be the transposon sequence: PE PCR Tn-12, for the input sample (Input); PE PCR Tn-1 and PE 585 PCR Tn-7, for the output sample in LB; and PE PCR Tn-10 and PE PCR Tn-4, for the output sample in 586 InSPI2 (S10 Table) . These oligonucleotides were used for PCR amplification with the Illumina reverse 
598
Transposon sequences at the beginning of the reads were removed using the same program. BWA-599 MEM [77] was used to map the reads against the S. Typhimurium D23580 genome sequence 600 (accession: PRJEB28511). Reads with a mapping quality <10 were discarded, as were alignments 601 which did not match at the 5'end of the read (immediately adjacent to the transposon) ( Table S1 ). The
602
C a n a l s e t a l . 964 965 966 C a n a l s e t a l . P a g e | 33 967   Table S1 . Number of sequenced reads for each sample at every step. Only R1 reads are included.
Supporting information
968
The percentages were calculated relative to the previous step with the exception of deduplication, which 969 was calculated relative to the number of mapped reads. 
970
977
SL3261 was derived from SL1344; and WT174 was derived from Ty2. For the previously published 978 studies, only genes that shared an ortholog in D23580 were included for the analysis. Individual Venn 979 diagram analyses including a comparison with only S. Typhimurium (B) and S. Typhi (C) strains were 980 also generated. 
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